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Abstract 
We present details of the development of a conceptual framework for systems engineering in a context of Systemic Cooperation, 
henceforth the SCOOPs model, begun at the International Federation for Systems Research (IFSR) ‘Conversation’ held in Linz in 
2014. The authors constitute a group convened by the IFSR with joint sponsorship between the International Council on Systems 
Engineering (INCOSE) Systems Science Working Group (SSWG) and the International Society for the Systems Sciences (ISSS). 
The 2014 IFSR working group continued with the development of the Systems Praxis Framework (SPF), the product of the previous 
IFSR conversation in 2012, and focused on a pragmatic framing of Systems Engineering within its wider context. In presenting the 
details of the development of the SCOOPs model, we review relevant foundational work in addition to the SPF leading to a critical 
discussion of its implications for the theoretical underpinnings and practice of Systems Engineering. This is not a final articulation 
of the SCOOPs model, but a report on an important milestone in its ongoing development. 
 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
The IFSR Conversations are a collectively guided and disciplined inquiry directed towards issues of societal/social 
significance. They have taken place biennially since 1982. Each conversation is organized into thematic streams and 
participation is by invitation into self-organized teams. In this case, the working group addressing the theme on 
© 2015 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Stevens Institute of Technology.
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Systems Engineering and Systems Science comprises the authors of this paper. The 2014 conversation took place at 
the end of April in Linz, Austria. Whilst formal proceedings by the IFSR are in press, the specific focus of this work 
on the needs of the Systems Engineering community, especially in the light of Collopy (2013), has warranted an early 
articulation of the development of the SCOOPs model. The approach we have taken in this paper is a descriptive 
narrative in which we attempt to explain how it was developed and why we believe the SCOOPs model to be a useful 
contribution to Systems Engineering theory. In the next section we present some of the foundational material that we 
believe informed the starting point for discussion in the working group. In §3 we describe the structure of the SCOOPs 
model and how it was developed, and in §4 discuss some of its methodological implications for Systems Engineering 
in the future. 
2. Foundations 
The working group drew on a range of work that was considered foundational to the conversation and the ongoing 
development of the SCOOPs model. Collopy (2013) provides excellent cause to press ahead with this work stating 
the need for the expansion of  “existing and future design and systems engineering theories to recognize the human, 
social, and organizational aspects of all design, but particularly in the engineering of large systems” (our emphasis) 
in the light of the “hemorrhage” of losses in defense procurement in particular. Other industries generate similar 
losses, e.g. according to a report of the UK House of Commons Committee of Public Accounts (2013) it was only 
possible to state £3.7Bn in realized value from a total forecast budget of £9.8Bn for the UK’s National Programme 
for IT (NPfIT) in the NHS.  
The Systems Praxis Framework (SPF), which arose out of the prior IFSR conversation in 2012, was an essential 
input at the start of the working group’s conversation (Singer et al., 2012). The discussions at the 2012 ISFR 
Conversation coincided with similar discussions on the INCOSE BKCASE project about the scope of the systems-
related knowledge to be included in the emerging guide to the systems engineering body of knowledge (SEBoK).  The 
SPF was used in the SEBoK to help scope the kinds of knowledge needed to provide a better theoretical basis for 
Systems Engineering and the knowledge and skills needed by systems engineers. While this helped in the completion 
of the initial SEBoK sections on systems knowledge it was clearly recognized that SEBoK had not completed this 
scoping and that other work was need to provide the knowledge needed to achieve this.  This need forms one of the 
motivations for the continuing SCOOPs conversations. 
Ring’s System Value Cycle provided an essential viewpoint on the “reach” of Systems Engineering (Ring, 2007, 
pp. 50-51), as it did in the 2012 conversation. It is one of the many important contributions that help simplify and 
make the process of Systems Engineering amenable to analysis (Ring, 2007). In post IFSR Conversation development, 
the working group made use of the idea of the C2 feedback view in the “Observe-Orient-Decide-Act” (OODA) loop 
(Boyd, 1987) as reported and critiqued by Oosthuizen and Roodt (2012). This helped frame the idea of Systems 
Engineering as an element of a wider responsive regime to deliver against gaps in operational capability.  The design 
view was brought in at a high level of abstraction in the form of the four phases – Discover, Define, Develop and 
Deliver – of the Design Council (2007) Double-Diamond diagram. 
Key topics that were brought into the discussion by the working group members that led to the development of the 
SCOOPs model were i) the process of modelling in Systems Engineering, ii) the problem of emergence and modelling, 
iii) methodology and philosophical underpinnings, iv) all uses of models as forms of communication, and v) 
experience and qualia.  
2.1. The Systems Praxis Framework 
The Systems Praxis Framework (SPF), shown in Fig 1, was started at the IFSR Conversation in 2012 as a loose 
framework to relate ‘systems science’, ‘systems thinking’, and ‘systems approach to practice’ without constraining 
the distinctive meanings held by their respective academic and practice communities. The SPF provides a common 
map to enable both researchers and practitioners to “recognize and appreciate the complementary roles played by all 
participants and stakeholders on the complex process of systems praxis” (Singer et al., 2012). In this respect, the SPF 
is usefully complete, bringing welcome structure to the myriad foundations, theories, representations, paradigms, 
concepts and principles that litter the systems landscape. It asserts a pragmatic stance, which is well aligned with the 
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needs of engineers who tend to reject, or ignore completely, adherence to any one philosophical approach. Note that 
the clouds represent bodies of knowledge and the arrows should not be read as implying a sequential flow. 
 
Fig 1. The Systems Praxis Framework (Singer et al., 2012). © International Federation for Systems Research, released under Creative Commons 
Attribution 3.0 License. 
2.2. The System Value Cycle 
The System Value Cycle (SVC) from Ring (1998) provided an excellent foundation for envisioning the product of 
Systems Engineering as a Problem Suppression System (PSS). In later work, the “reach” of systems engineering is 
defined as the extent of the PSS (Ring, 2007, pp. 50-51). The PSS is a system Specified, Developed and Assembled 
in response to a problem in its context. As shown in Fig 2, “full reach starts at the top with a community experiencing 
a situation and proceeds counterclockwise through 18 stages”. The purpose of the PSS is, as its name suggests, to 
suppress the problem; to make it go away. However the SVC recognizes that the actual POSIWID (the Purpose Of a 
System Is What It Does – vide Stafford Beer) of the PSS could well be different from its intended purpose and thus 
the cycle would need to repeat. This need is only recognized once the PSS is operationally ready for deployment and 
its effectiveness can be measured. The difference between the effects on the problem as measured and what was 
designed can thus be thought of as a capability gap with the PSS acting to reduce this gap to zero.  The PSS describes 
all elements of the system to suppress the problem.  That is, both any new or modified technical systems, associated 
people and resources, and access to or agreements with infrastructure and legacy systems within the operating 
environment (including training and other human related enabling systems).  This framing of PSS is similar to the 
notions of system context recognized across Systems Engineering, where a wider system of interest (WSoI) describes 
the total system needed by the users, and the system of interest (SoI) those elements which need to be specified 
developed and assembled by a given project life cycle representing an iteration of the value cycle) (Flood & Carson, 
1993). For wicked/messy problems (Ackoff, 1981; Mingers, 2011; Rittel & Webber, 1973; Rosenhead, 1992) it would 
be entirely reasonable to view the System Value Cycle as repeating indefinitely; with the PSS in a state of constant 
change as the designed capability and its corresponding operational effectiveness co-evolve dynamically.  
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2.3. The “Observe-Orientate-Decide-Act” (OODA) Loop 
Originating from the Command and Control community and according to Oosthuizen and Roodt (2012) the OODA 
loop “…still remains the basic model throughout the world to guide the development and implementation of C2 
doctrine”. Describing conflict tactics, the original intent of the OODA loop was to educate; to impress on the objective 
to “to operate inside the enemy’s OODA loop, and forcing him to react to your actions, instead of the other way 
round.” Since systems engineering is ultimately about bringing about changes in capability in response to changing 
problematic situations, as described in the SVC above, we see the OODA loop as providing a valuable, additional 
conceptual device for describing the actions required to enact the change. This is especially pertinent to the view of 
systems engineering where changes in needed capability correspond to the gaps that arise from the dynamically 
changing operational landscape of its products and services. 
 
Fig 2. The System Value Cycle (SVC) view expressed as a Problem Suppression System (PSS) by Ring (1998) – reproduced with permission of 
the author. 
3. The development of the SCOOPs model 
We attempt in this section to provide some insight into the development of the SCOOPs model by presenting some 
of the intermediate diagrams that were produced during the working group’s discussions. These have been re-drawn 
from the original flip charts. We believe that these stepping-stones illustrate how the foundational work entered into 
the development of the SCOOPs model and provide anchors for future work to go back and provide a more in-depth 
account of theoretical underpinnings.   
The first intermediate step of note was a partitioning of the problem space into Technological and Cultural domains 
and for each of these to be further divided into Actualized and Latent. With this partitioning in place, the working 
group was able to place Practice Patterns, Service Experiences (characterized by qualia), Work Processes 
(characterized by SLAs) and Dynamics (and complexity science) into relation. Whilst entirely conceptual it meant 
that it was possible to move on from Ring’s PSS to think of Systems Engineering existing as a constant interplay of 
Anticipation (A) and Learning (L), and Human and Material agency. This structuring provided the working group 
with insight into essential theoretical anchors to an evolutionary view of systems engineering such as Actor Network 
Theory (ANT) (originating with Latour) and Pragmatism (originating with Peirce).  
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Fig 3. Theoretical underpinnings for an evolutionary view of systems engineering. This shows how the working group explored the mutual 
causality between human and material agency, anticipation and learning. © International Federation for Systems Research, released under 
Creative Commons Attribution 3.0 License. 
The next view of the SCOOPs model development shown in Fig 4 is based on current organizational design in the 
UK Ministry of Defence (MoD) and represents a customer’s, or procurement, view of systems engineering and 
provides insight into the wider context in which systems engineering operates. The UK MoD organizes procurement 
activity into Capability Planning, Capability Delivery, and Capability Generation processes. To help clarify the 
different between problem setting and solution acquisition the UK MoD defines Capability as “the enduring ability to 
generate a desired operational outcome or effect, relative to the threat, environment and the contributions of coalition 
partners”.  The means to provide capability is defined around Force Elements, which combine products and services 
from across 8 lines of development (Training, Equipment, People, Information, Doctrine, Organisation, Infrastructure 
and Logistics).  Thus, Force Element describes a WSoI owned, sustained and operated by the user. To generate and 
sustain these specific products, services or enabling SoI may be created or modified by projects.  
The Capability Delivery process relates to the running of SoI projects and can be split into acquisition and 
development phases. Government takes the customer role, setting effect based needs, overseeing projects, and 
integrating and sustaining force elements with the military users. Capability Suppliers fulfill the role of designing and 
building products/services, encompassing the systems engineering function or process.  This supplier role may include 
planning, delivery and generation system engineering services such as operational analysis, integration, testing or 
logistics support.  
The fourth process at the top of Fig 4 provides high-level strategic assessment of the current delivery of operational 
capability and affordances in the context of current and anticipated needs. From this assessment will follow strategic 
direction setting, literally the imagined capabilities required to bridge the gaps identified in assessment i.e. when the 
value the organization is trying to deliver can no longer be achieved. An important concept is that each of the four 
processes has their own purpose and timeline and provides value in their own right. However, they intersect. Planning 
goes on continuously and interacts with the ongoing activity of generating operational value, and the ongoing activity 
of running individual projects to build things. The Planning cycle is coordinating multiple interventions (new or 
modified SoI within one or more of the lines of development) against current perceptions of overall need. The cycle 
can be adjusted by moving things around within a plan if it is still possible to deliver the desired value. When this is 
not possible, a gap emerges. The overlap between Deliver and Generate corresponds to accepting delivery of a 
particular product into service. i.e. the creation of a force elements at this point. Acceptance creates initial capability 
which, when it is operating and evolving corresponds to the delivery of a service. This continues until it is impossible 
to extract any further value, e.g. through technology obsolescence or changes in capability need, and a gap in capability 
emerges. The identification of the gap in capability in this model does resonate strongly with Ring’s PSS idea; that 
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the function of these four independent processes is to operate in concert to reduce gaps in operational capability both 
by re-organizing how existing products and services are used or by initiating new or modified SoI using traditional 
systems engineering life cycle processes.  
 
 
 
Fig 4. The beginnings of the SCOOPs model. Labeling derived from 
current organizational design in the UK Ministry of Defence (MoD). © 
International Federation for Systems Research, released under Creative 
Commons Attribution 3.0 License. 
Fig 5. The development of the SCOOPs model, with the 
emergence of problem structuring, emerging problematic and 
operational (POSIWID) processes sitting in relation to ‘traditional’ 
systems engineering practice. © International Federation for 
Systems Research, released under Creative Commons Attribution 
3.0 License. 
In the view shown in Fig 5 the conceptual language has developed further. “Direction and Funds” has now become 
the Emerging Problematic; “Plans and Requirements” is now PSM (Problem Structuring Methods); and “Capabilities 
and Affordances” has become Operational/POSIWID. “Develop(ment)” as signified by the Systems Engineering ‘V’ 
has been labeled “traditional” SE. This emerging view of Systems Engineering is now one where there is clear 
distinction again between the realms of understanding and intervention. The Operational/POSIWID process 
corresponds to in-service Systems Engineering and represents all the management of operations concerns for the 
successful delivery of a service. The Emerging Problematic is concerned with strategic management and capability 
planning, involving anticipatory thinking and modelling. The small circles mark out the interfaces between these main 
processes in the model and something we return to later. The Understanding, Intervening division indicated by the 
bottom-left to top-right diagonal dotted line and the bounding square box are the first signs that the developing 
SCOOPs model has parallels with the Double-Diamond design view (Design Council, 2007), which return to later in 
Fig 7.  
Having positioned and labeled the “scope” for traditional SE the working group discussed competing ideas for 
what to call this enlarged view of systems engineering. Emerging SE, Co-Value Driven SE, Human-Centered SE, and 
Value-Driven SE were all rejected in favor of Evolutionary SE.  This evolutionary view encompasses the existing 
conceptualization of Systems Engineering, epitomized by, but by no means limited to, the Systems Engineering ‘V’*, 
and its relation to the world in terms of three additional, necessary processes: 
1. The “Framing Problematic”, which represents the originating purpose of responding in some strategic, 
structured way to a problem in the world in order to alleviate, reduce, anticipate, or otherwise bring about 
change 
2. “Problem Structuring”, which represents the process of translating from strategic intent, reconciling disparate 
worldviews, subjectivity, and limitations into specific action, or actions,  
 
 
* The ‘V’ became a useful symbol to represent the “scope” of traditional Systems Engineering the numerous times it was drawn on flipcharts 
during the working group sessions.   
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3. The effect that Systems Engineering has in the world through its material products and services (including 
POSIWID), created or modified by the process of Systems Engineering and expressed as “Effecting Service” 
These three contextual processes and the process of existing ‘traditional’ Systems Engineering itself, their structural 
relationship, and their essential recursive nature are shown in Fig 6.  
 
 
Fig 6. An intermediate view of the SCOOPs model, as at the end of the IFSR Conversation in Linz. © International Federation for Systems 
Research, released under Creative Commons Attribution 3.0 License. 
Note that from the ideas associated with Fig 4 that these processes operate independently of each other as well as 
overlapping at key points, the interfaces shown as the small circles in Figure 5. Unlike Ring’s SVC, they have their 
own independent time lines and independently deliver value. Although independent, they must cooperate in order to 
achieve a unified whole. The small anticlockwise arrows indicate the recursive nature of each process. In effect, each 
process may spawn itself or the whole model thus accounting for the messy proliferation of projects/programs leading 
to multiple instantiations of the Systems Engineering process within a single Framing Problematic. Two additional 
boundaries are marked by the dotted diagonal lines, which are carried forward from the ideas shown in the intermediate 
models shown in Fig 5. The first boundary, running from bottom left to top right, respects the constant interplay 
between human and material agency. This leads to a natural divide between the conceptual (understanding) and 
material (intervening) realms. This version of the SCOOPs model groups the Framing Problematic and Problem 
Structuring processes into the conceptual (understanding) realm, and the Systems Engineering and Effecting Service 
processes into the material (intervening) realm. This division marks a profound ontological distinction with 
implications for methodology, which we discuss further in the next section. The second boundary is mindful of the 
essential producer/consumer relationship across the transactional boundaries that exist in engineering practice. The 
SCOOPs model groups Problem Structuring and Traditional Systems Engineering Scope into the provider realm, and 
Effecting Service and Framing Problematic into the consumer realm. This is not a boundary contiguous with actual 
contractual or ownership boundaries, although it might be, but the result of an intuitive grouping, which we explore 
further in the next section.  
Fig 7 presents the current view of the SCOOPs model, which is called OODA-SCOOPs and makes full use of the 
OODA loop tactics to describe the structuring of activities within the SCOOPs processes (Oosthuizen & Roodt, 2012). 
Each process from the intermediate SCOOPs model shown in  is now associated with a verb and indicative actor, 
suggesting the work that is done by whom in the processes described above. Plan suggests Managers anticipating 
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purpose; Invest suggests Engineers creating value; Effect suggests Users realizing value; and Situate suggests 
Sponsors appreciating what value has (or has not) been achieved. Each process corresponds to a particular pairing of 
OODA tactics as follows i) Situate – observe2, orient1, ii) Plan – orient2, decide1, iii) Invest – decide2, act1, and iv) 
Effect – act2, observe1; which is reminiscent of the relationship between actions and regions in the Cynefin framework 
of Kurtz and Snowden (2003).  The OODA tactics suggest further ways in which we can interpret the SCOOPs 
processes. For example, if the scope of traditional Systems Engineering, shown as the orange “V” in Fig 7, is covered 
by OODA tactics <decide2, act1>, we could regard an enlarged scope such as developing a CONOPS viewpoint as an 
extension towards Plan, by use of the OODA tactics <decide2, decide1>. Ultimately the enlarged scope of Systems 
Engineering, or Evolutionary Systems Engineering, would be to embrace all processes, tactics and roles. 
 
 
Fig 7. The OODA-SCOOPs model. © International Federation for Systems Research, Released under Creative Commons Attribution 3.0 
License. 
4. Discussion 
The two boundaries between processes shown as dotted diagonals in Fig 6 and Fig 7 divide the OODA-SCOOPs 
model into regions with four broadly different methodological considerations. These are summarized in Table 1. The 
methodological issues essentially concern the practice of systems engineering. The intervening/provider region 
corresponds to what we have labeled ‘Traditional’ Systems Engineering.  It is reasonable to view the philosophical 
assumptions of Systems Engineering, at least in its distant and recent past if not today, as essentially functionalist and 
realist. However, we see the other three regions as based on quite different foundations, which are likely to be less 
well established and understood in current systems engineering practice. It is this methodological expansion into new 
realms for Systems Engineering that represents the transition from the current practice of Systems Engineering to the 
evolutionary view of systems engineering that we describe. In practice, current Systems Engineering probably tries to 
cover all four regions of Table 1, but methodologically needs to extend its knowledge based to be comfortable working 
with the issues noted in each cell; this would be the evolutionary view of Systems Engineering realized. Having 
realized this evolutionary vision for Systems Engineering there would be no need for the rigid 2x2 conceptual 
partitioning of methodological issues; Systems Engineers would be competent within all paradigms and would operate 
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fluidly within and between them. Achieving this evolution thus opens up opportunities for collaboration across 
disciplines. In this journey, it is unlikely that Systems Engineering by itself will be able to incorporate ideas from 
disciplines based on different assumptions, embodying different paradigms, without input from specialists in these 
other disciplines. The OODA-SCOOPs model is thus partly an entreaty for this wider collaboration to come about. 
As discussed, the OODA-SCOOPs model is informed by the Systems Praxis Framework (SPF) (Singer et al., 2012) 
but is focused on the praxis of Systems Engineering, not systems approaches to praxis in a more general sense. The 
OODA-SCOOPs model thus corresponds to the practice cloud of the SPF; it does not explicitly show systems science 
or systems thinking. If the OODA-SCOOPs model in Fig 6 were modified to incorporate systems science and systems 
thinking, it would appear something like this: The systems science cloud in the SPF model would map to an additional 
plane underlying the current OODA-SCOOPs model, because science underlies all parts of the OODA-SCOOPs 
model. The systems thinking cloud would permeate all parts of the revised OODA-SCOOPs model, both the practice 
cloud and the systems science cloud. If we assume the revised OODA-SCOOPs model with two planes (practice and 
systems science), the mapping of SPF arrows would be as follows: The bottom arrows in SPF – Actions and Outcomes 
– lie in the OODA-SCOOPs practice plane, while the middle arrows in SPF go between the science and practice planes 
in OODA-SCOOPs. The SPF arrow from science to practice (“theory informs practice”) goes up from the science 
plane to the practice plane in OODA-SCOOPs, while the SPF arrow from practice to science (“practice informs 
theory”) goes down from the practice plane to the science plane in OODA-SCOOPs. 
Table 1. Methodological issues confronting each of the four processes in the OODA-SCOOPs model shown in Fig 6. 
 Providing Consuming 
Understanding  
Plan 
Conceptual modelling for understanding 
Dealing with worldviews and subjectivity 
Directed towards taking action (scoping 
projects/programs, planning…) 
Usual methodological focus: plural, interpretivist, 
phenomenological  
 
Situate 
Strategic analysis for understanding 
Engaging with a messy problem context 
Directed towards initiating action (securing budgets, 
political support…) 
Usual methodological focus: concerned with theories of 
power 
Intervening 
Invest 
Modelling for designing 
Dealing with requirements 
Directed toward producing engineering artifacts 
The scope of tradition Systems Engineering  
Usual methodological focus: unitary, functionalist, 
realist  
 
Effect 
Modelling for operational delivery 
Dealing with users 
Directed towards service delivery 
Usual methodological focus: aligned to the SSME 
agenda, Service Dominant Logic, Servitization, but 
also needing to extend into new areas (e.g. qualia) 
The extent to which the continuing development of the SCOOPs framework brings together knowledge from 
different methodological paradigms around a view of how we place systems engineering with a context of evolutionary 
problem intervention will provide a better organization of knowledge to support the SEBoK aim of linking the systems 
science, systems thinking and systems engineering knowledge important to the education of systems engineers and 
the practice of systems engineering.  One of the ongoing uses of SCOOPs will be to contribute to re-structuring and 
update of this part of the SEBoK.  This clarification of the scope of evolutionary systems engineering fits very well 
with the continuing transformation of systems engineering as stated in INCOSE Vision 2025. 
5. Endnote 
The SCOOPs model is under continuous development through INCOSE SSWG and ISSS sponsorship. Further 
reflection on its development and implications for the development of Systems Engineering is forthcoming in the 
proceedings of the IFSR and in the keynote address given by Janet Willis Singer at the 2014 ISSS conference to be 
reported in a forthcoming issue of Systems Research and Behavioral Science. The SCOOPs model presented here 
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should not be considered definitive; this is an early preview to encourage and elicit feedback as we develop the model 
further†.  
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